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SACRAMENTO – SAN JOAQUIN DELTA ESTUARY TMDL FOR MERCURY 
 

EXECUTIVE SUMMARY 

 

This draft report presents Central Valley Regional Water Quality Control Board (Central Valley Water 
Board) staff recommendations for establishing a Total Maximum Daily Load for methylmercury in the 
Sacramento-San Joaquin Delta Estuary.  The report contains an analysis of the mercury impairment, a 
review of the primary sources, a linkage between methylmercury sources and impairments, and 
recommended mercury reductions to eliminate the impairment.   

This TMDL report is the first component in the Central Valley Water Board’s water quality attainment 
strategy to resolve the mercury impairment in the Delta.  The second component is implementing a 
control program through amendments to the Water Quality Control Plan for the Sacramento River and 
San Joaquin River Basins (the Basin Plan), as described in the main text and Appendix A of the Proposed 
Basin Plan Amendment draft staff report.   

Scope, Numeric Targets & Extent of Impairment 

In 1990 the Central Valley Water Board identified the Delta as impaired by mercury because fish had 
elevated levels of mercury that posed a risk for human and wildlife consumers.  As a result, the Delta 
methylmercury TMDL addresses all waterways within the legal Delta boundary.  In addition, the San 
Francisco Bay Regional Water Quality Control Board (San Francisco Water Board) identified Central 
Valley outflows via the Delta as one of the principal sources of total mercury to San Francisco Bay and, 
in its 2004 mercury TMDL for San Francisco Bay, assigned the Central Valley a load reduction of 110 
kg/yr.  Therefore, the final mercury TMDL control plan for the Delta must ensure protection of human 
and wildlife health in the Delta and meet the San Francisco Bay load allocation to the Central Valley.   

This TMDL report addresses both methyl and total mercury sources.  Reductions in ambient aqueous 
methylmercury and methylmercury sources are required to reduce methylmercury concentrations in fish.  
The methylmercury linkage and source analyses divide the Delta into eight subareas based on the 
hydrologic characteristics and mixing of the source waters.  A separate methylmercury allocation scheme 
is developed for each subarea because the levels of impairment and the methylmercury sources in the 
subareas are substantially different.  Reductions in total mercury loads are needed to reduce aqueous 
methylmercury in the Delta, to maintain compliance with the USEPA’s criterion of 50 ng/l, and to 
comply with the San Francisco Bay mercury control program.   

The concentration of methylmercury in fish tissue is the type of numeric target selected for the Delta 
methylmercury TMDL.  Acceptable fish tissue levels of methylmercury for the trophic level TL food 
groups consumed by piscivorous wildlife species were calculated using a method developed by the 
U.S. Fish and Wildlife Service that addresses daily intake levels, body weights and consumption rates.  
Numeric targets were developed to protect humans in a manner analogous to targets for wildlife using a 
method approved by the U.S. Environmental Protection Agency and Delta-specific information.   
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Three numeric targets are recommended for the protection of humans and piscivorous wildlife: 
0.24 mg/kg (wet weight) in muscle tissue of large1 trophic level four (TL4) fish such as bass and catfish; 
0.08 mg/kg (wet weight) in muscle tissue of large TL3 fish such as carp and salmon; and 0.03 mg/kg (wet 
weight) in whole trophic level 2 and 3 fish less than 50 mm in length.  The targets for large TL3 and 4 
fish are protective of (a) humans eating 32 g/day (1 meal/week) of commonly consumed, large fish; and 
(b) all wildlife species that consume large fish.  The target for small TL2 and 3 fish is protective of 
wildlife species that consume small fish.   

It was possible to describe these recommended objectives in terms of the mercury concentration in 
standard 350 mm largemouth bass.  A methylmercury concentration of 0.28 mg/kg in 350 mm largemouth 
bass is equivalent to the water quality objective of 0.24 mg/kg for large TL4 fish.  A methylmercury 
concentration of 0.24 mg/kg in 350 mm largemouth bass is equivalent to the water quality objective of 
0.08 mg/kg for TL3 fish.  A methylmercury concentration of 0.42 mg/kg in 350 mm largemouth bass is 
equivalent to the water quality objective of 0.03 mg/kg for small fish.  As a result, a methylmercury 
concentration of 0.24 mg/kg in 350 mm largemouth bass is referred to as the recommended 
implementation goal for largemouth bass.   

Elevated fish methylmercury concentrations occur along the periphery of the Delta while lower body 
burdens occur in the central Delta.  Concentrations are greater than recommended as safe by the USFWS 
for wildlife in all subareas except in the Central Delta subarea.  The Central Delta subarea requires no 
reduction to meet the proposed large TL3 fish target for human protection and an 8% reduction to meet 
the proposed large TL4 fish target for human protection.  Percent reductions in fish methylmercury levels 
ranging from 0% to 75% in the peripheral Delta subareas will be needed to meet the numeric targets for 
wildlife and human health protection. 

Linkage 

The Delta linkage analysis focuses on the comparison of methylmercury concentrations in water and 
biota.  Statistically significant, positive correlations have been found between aqueous methylmercury 
and aquatic biota, suggesting that methylmercury levels in water may be one of the primary factors 
determining methylmercury concentrations in fish.   

The mercury concentrations in standard 350-mm largemouth bass for each Delta subarea were regressed 
against the average unfiltered aqueous methylmercury concentrations.  Substitution of the recommended 
implementation goal for largemouth bass (0.24 mg/kg) into the equation developed by this regression 
results in a predicted average safe aqueous methylmercury concentration of 0.066 ng/l.  Incorporation of 
an explicit margin of safety of about 10% results in the recommended implementation goal for unfiltered 
ambient water of 0.06 ng/l methylmercury.  This implementation goal would be applied as an annual 
average methylmercury concentration in ambient waters of the Delta.  The recommended implementation 
goal is currently met in the Central Delta subarea.  

                                                                  
1 Large fish are defined as 150-500 mm total length or legal catch length if designated by CDFG.   
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Sources – Methylmercury 

Average annual methylmercury inputs and exports were estimated for water years 2000 to 2003, a 
relatively dry period that encompasses the available information.  Sources of methylmercury in Delta 
waters include tributary inputs from upstream watersheds and within-Delta sources such as sediment flux, 
municipal and industrial wastewater, agricultural drainage, and urban runoff.  Losses include water 
exports to southern California, outflow to San Francisco Bay, removal of dredged sediments, 
photodegradation, uptake by biota and unknown loss term(s).  Figure 1 illustrates the Delta’s average 
daily methylmercury imports and exports.  Sediment fluxes in wetland and open water habitats and 
tributary water bodies account for about 30 and 60%, respectively, of methylmercury inputs to the Delta.  
The difference between the sum of known inputs and exports is a measure of the uncertainty of the 
loading estimates and of the importance of other unknown processes at work in the Delta.  Preliminary 
photodegradation study results for the Sacramento River near Rio Vista (Byington et al., 2005) suggest 
that methylmercury loss from photodegradation may account for about 60% of the unknown loss rate 
illustrated in Figure 1.   

  

 

Figure 1: Average Daily Delta Methylmercury Inputs and Exports.  
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Sources – Total Mercury & Suspended Sediment 

Sources of total mercury in the Delta include tributary inflows from upstream watersheds, atmospheric 
deposition, urban runoff, and municipal and industrial wastewater.  More than 96% of identified total 
mercury loading to the Delta comes from tributary inputs; within-Delta sources are a very small 
component of overall loading.  Losses include outflow to San Francisco Bay, water exports to southern 
California, removal of dredged sediments and evasion.  

The Sacramento Basin (Sacramento River + Yolo Bypass) contributes approximately 80% or more of 
total mercury fluxing through the Delta.  Of the watersheds in the Sacramento Basin, the Cache Creek and 
upper Sacramento River (above Colusa) watersheds contribute the most mercury.  The Cache Creek, 
Feather River, American River and Putah Creek watersheds in the Sacramento Basin have both relatively 
large mercury loadings and high mercury concentrations in suspended sediment, which makes these 
watersheds more likely candidates for load reduction programs. 

Methylmercury Allocations & Total Mercury Limits 

Methylmercury allocations were made in terms of the existing assimilative capacity of the different Delta 
subareas.  To determine reductions, the existing average aqueous methylmercury levels in the Delta 
subareas were compared to the proposed methylmercury goal (0.06 ng/l).  The amount of reduction 
needed in each subarea is expressed as a percent of the ambient concentration.  Percent reductions 
required to meet the goal ranged from 0% in the Central Delta subarea to more than 70% in the Yolo 
Bypass and Mokelumne River subareas. 

In order to attain the desired ambient methylmercury levels in each Delta subarea, loads of 
methylmercury from within-Delta point and nonpoint sources and tributary inputs need to be reduced in 
proportion to the desired decrease in concentrations needed for ambient waters to meet the proposed goal.  
The percent allocations and acceptable loads and concentrations were calculated as a percent of existing 
loads and concentrations.  The percent reductions vary by subarea because the percent reductions required 
for ambient water methylmercury levels in each subarea to meet the proposed methylmercury goal vary.  
No reductions were required for sources to the Central Delta.  Percent reductions were applied to point 
and nonpoint source loads within other subareas, except those sources with existing average 
methylmercury concentrations at or below the proposed methylmercury goal of 0.06 ng/l.  No individual 
source would be expected to reduce its discharged methylmercury concentrations to below the proposed 
implementation goal.      

A total mercury load reduction strategy was developed to comply with the San Francisco Bay mercury 
control program, to maintain compliance with the USEPA’s criterion of 50 ng/l, and to help reduce 
aqueous methylmercury in the Delta.  Staff recommends total mercury load reductions from the Cache 
Creek, Feather River, American River and Putah Creek watersheds in the Sacramento Basin.  These 
watersheds have both relatively large mercury loadings and high mercury concentrations in suspended 
sediment, which makes those watersheds likely candidates for load reduction programs.  Staff also 
recommends that total mercury loading to the Delta not increase as a result of new or expanded projects, 
and that any increase in total mercury loading be mitigated or in compliance with an offset program.  The 
TMDL for San Francisco Bay assigned the Central Valley a five-year average total mercury load 
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reduction if 110 kg/yr.  Staff considers a 110 kg reduction as a reasonable goal for the first phase of the 
Delta mercury control program. 

The methylmercury allocations and total mercury limits described in this report reflect the preferred 
implementation alternative described in Chapter 4 of the Proposed Basin Plan Amendment draft staff 
report and are designed to address the beneficial use impairment in all subareas of the Delta and San 
Francisco Bay.  However, as described in the Proposed Basin Plan Amendment draft staff report, a 
number of alternatives are possible.  The Central Valley Water Board will consider a variety of mercury 
reduction strategies and implementation alternatives as part of the Basin Plan amendment process.  All 
Central Valley Water Board regulatory actions will be taken in public hearings.
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